INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the 2 nd most common cause of cirrhosis and liver transplantation worldwide. It will probably be the leading cause of chronic liver disease in upcoming years. 1 As the hepatic manifestation of the metabolic syndrome; NAFLD is gaining prevalence worldwide due to the obesity epidemic. 2 On the other hand, NAFLD could be considered as a multisystem disease that increases the risk of diabetes mellitus, cardiovascular disease, and chronic kidney disease. 3 
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There is a wide spectrum of liver diseases ranging from simple steatosis to non-alcoholic steatohepatitis (NASH) to cirrhosis and its related complications such as hepatocellular carcinoma and death at the end in NAFLD. 4 Although the pathogenesis of NAFLD/NASH is not well defined yet, there is a strong evidence for the association of insulin resistance with the development of NAFLD. In progression to NASH, other contributing factors leading to oxidative injury are possibly involved. 5 The gold standard method for the diagnosis of NASH is liver biopsy, which has its own pitfalls. It is limited by intra and inter-observer variability for pathology interpretation, sampling errors, and invasiveness. 6 Different scoring systems have been designed, hoping to diagnose and stage NASH without histological data, but the debate on their accuracy is still ongoing. 7 Transient elastrography is emerging as a non-invasive and reliable tool for diagnosis of fibrosis stages in chronic liver disease, 8 with the ability of grading steatosis using controlled attenuated parameter, but it could not be a substitute for liver biopsy for the diagnosis of NASH.
Recently, several non-invasive markers such as serum ferritin have emerged as possible predictors for the presence of NASH versus simple steatosis. 9, 10 Iron overload is found in as many as one third of the patients with NAFLD.
11 Steatosis, insulin resistance, and inflammation cause an altered regulation of iron transport. 12 Ferritin is an acute phase reactant; however, its elevation in the serum of patients with fatty liver disease may not only be a sign of disease activity. The role of altered iron metabolism in the development of NAFLD and disease progression has been a subject of interest for investigation in many studies. A variety of pathogenesis mechanisms have been defined for iron including production of reactive oxygen species, disturbed insulin signaling, and altered lipid metabolism in hepatic tissue and their resultant damage. 13 Elevated serum ferritin has been found to be correlated with hepcidine level, which is an iron regulatory hormone, and also with the level of hepatic iron in patients with NAFLD, which may point to the pathological role of iron metabolism in such patients. 14 However, despite all these, there is no general agreement for the correlation between serum ferritin level and disease severity in NASH in different studies. In the present study, we aimed to investigate the usefulness of evaluating serum ferritin level for the prediction of histological disease severity in NASH in our patients.
MATERIALS AND METHODS
In the present cross sectional prospective study, demographic, clinical, histological, laboratory, and anthropometric data of 30 adult patients with biopsyproven NAFLD/NASH were analyzed.
The Ethics Committee of Shiraz University of Medical Sciences approved this study (which was part of a thesis) and a written informed consent was obtained from each patient to take part in the study.
The patients were selected form those who referred to outpatient subspecial clinics of gastroenterology and hepatology affiliated to Shiraz University of Medical Science for evaluation of abnormal liver tests, for whom liver biopsy had been requested by the responsible hepatologist for confirmation of diagnosis or evaluation of the disease severity.
Liver biopsy was performed under the guide of ultrasonography by an expert radiologist and all samples were sent to the pathology lab and interpreted by a single hepatopathologist.
Diagnosis of fatty liver disease was made if large fat vacuoles were present in the liver parenchyma, displacing the nuclei to the border of the cells. Steatosis was graded as 1 if less than 33% of the hepatocytes were affected, grade 2 when 33-66% of the hepatocytes were affected, and grade 3 if more than 66% of the hepatocytes were affected. Staging and grading were performed according to the Brunt et al scoring. 15 Serum ferritin was measured by ELISA method (Monobind, USA) within two weeks after performing the liver biopsy. Serum iron and total iron-binding capacity (TIBC) were measured by colorimetric methods at the same time. Transferrin saturation was calculated as the percentage of serum iron to TIBC ratio.
The patients who had the following criteria were excluded: chronic liver disease with other etiologies rather than NAFLD (such as viral hepatitis B or C, autoimmune hepatitis, Wilson's disease, hemochromatosis), alcohol consumption > 20 g/day, using iron supplements, presence of any kind of infection, or history of rheumatologic disorders. The patients who were taking medications known to cause fatty liver disease such as steroids, methotrexate, and tamoxifen were also excluded. Those who had already received medical treatment for fatty liver disease at the time of study were excluded, too.
Demographic data such as age, sex, rural or urban residence, medical history, and medications were obtained through interviews with the patients. A physical examination including measuring blood pressure, body weight, and height measures was performed. Other laboratory tests including hepatic, hematologic, metabolic, and lipid profile tests were performed.
We used a One-Sample Kolmogorov-Smirnov test to evaluate normal distribution of our variables. One-way ANOVA, and Pearson's Correlation Coefficient were used to determine the relation between mean serum ferritin levels and other variables. Independent sample t test was used to compare the means. All analyses were performed using Statistical Package for Social Sciences (SPSS, Chicago, IL, USA) software version 16.0 for windows. P values less than 0.05 were considered to be statistically significant.
RESULTS
A total of 30 patients with biopsy-proven NAFLD with mean age of 37.9 years and mean BMI of 26.5 were recruited in this study. Demographic data and mean biochemical values are shown in table 1.
Of the studied patients, 16 had mild and 14 had moderate macrovesicular steatosis. Regarding the fibrosis stage; there were 13 (43.3%) patients in stage 0, three (10%) in stage 1, eight (26.7%) in stage 2, four (13.3%) in stage 3, and two (6.7%) patients in stage 4. Regarding the steatohepatitis grades; there were 19 patients (63.3%) with mild, four (13.3%) with moderate, and two (6.7%) patients with severe steatohepatitis while five (16.7%) patients had no steatohepatitis.
Eleven (36.7%) patients had ferritin levels above 200 ng/L and only six patients had transferrin saturation more than 45%. As it was expected, men had significantly higher ferritin levels than women (280.08 ± 222.92 vs. 97.27 ± 102.77, p = 0.011). The correlation between mean serum level of ferritin and different variables is shown in table 2. There was no correlation between serum ferritin level and age, body mass index (BMI), the level of liver enzymes, fasting plasma sugar, or serum lipids. Figure 1 shows the relation between the grades of steatohepatitis in liver biopsy and serum ferritin levels. One-way ANOVA did not show a significant difference between these three grades of steatohepatitis in mean ferritin levels (p = 0.559). It was also observed that ferritin levels did not have a significant correlation with the stage of fibrosis in liver histological evaluation of our patients (p = 0.228, figure 2) . It was also observed that although mean serum ferritin level was lower in patients without steatohepatitis comparing with those with steatohepatitis (88 vs. 223.4 ng/mL), this difference was not statistically significant. This was also true for the mean transferrin saturation, which did not show significant difference in different stages and grades of NASH in liver histology (p = 0.260, and 0.944, respectively).
92

Serum Ferritin and Disease Severity in Fatty Liver
DISCUSSION
We conducted a prospective cross sectional study on 30 patients with biopsy proven NAFLD/NASH and found no significant correlation between the histopathological stages of the disease with serum ferritin levels. The prevalence of NAFLD and its severity increase with age. Our patients were relatively young and with less severe disease as expected.
Several studies have reported elevated serum ferritin levels in patients with NAFLD. 16, 17 High ferritin level has been regarded as a marker of more severe histological derangement of liver in NASH rather than true iron overload. 18 Kowdley and colleagues showed an independent association between serum ferritin level and increased risk of advanced fibrosis in NAFLD. They proposed that levels > 1.5× upper normal limits can have a predictive value for liver fibrosis in their patients with severe obesity and metabolic syndrome. 19 Serum ferritin levels and BMI were strongly associated with fibrosis, and portal and lobular inflammation in patients with NAFLD, as Manousou and co-workers reported, in patients with biopsy proven NAFLD. 20 On the other hand, in a retrospective study by Angulo and others on over 1400 patients with NAFLD, ferritin did not correlate with any grade of liver fibrosis and the accuracy of non-invasive fibrosis scoring systems did not improve with the inclusion of serum ferritin. They concluded that serum ferritin had a low level of accuracy for diagnosis and staging of NAFLD. 21 Yoneda and colleagues showed similar results after analyzing the data of 1200 patients with biopsy proven NAFLD, which belonged to a large Japanese cohort database. They showed that serum ferritin level was independently associated with steatosis grade and fibrosis stage, but it was inaccurate as a predictive test of liver fibrosis, because several other factors including sex and metabolic features could have interfered. Their conclusion was that serum ferritin had a low diagnostic accuracy for detecting fibrosis in patients with NAFLD when considered alone. 22 In our study, no significant correlation between serum ferritin level and histopathological grade or stage of the disease was seen. This may be partly due to limitations in our study. We had only 30 patients with biopsy proven NAFLD/NASH. Our patients were relatively young with a mean age of 37.9 years, which may affect the results. There is the possibility of the presence of true iron deficiency anemia especially in young women, which interferes with the interpretation of the results of iron profile. On the other hand our patients were not severely obese (mean BMI: 26.5). Obesity and metabolic features are among factors that may affect the iron profile.
Currently, the diagnosis of NAFLD is usually made using non-invasive methods and there is low desire for clinicians to refer the patients with probable diagnosis of NAFLD/NASH for liver biopsy. Such referrals are usually seen in cases when other causes of liver disease could not be ruled out or there is unsatisfactory response to treatment. We regard this as the main reason for limited number of cases in our prospective study. The limitations for performing liver biopsy are even more in elderly patients while comorbidities and using anti platelet medications are more prevalent, putting them at higher risk of complications. This may also be a reason for the limited number of our patients and their relatively younger age.
CONCLUSION
Regarding our study results and lack of consensus between different studies, 6, 11, 13, 14, 20, 22, 23 it can be concluded that serum ferritin level may not be a single reliable marker of disease severity in young patients with NAFLD who are not morbidly obese.
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